Experimentally, the intermetallic compound Mn 4 FeGe 3 has been recently shown to exhibit enhanced magnetic properties and spin polarization compared to the Mn 5 Ge 3 parent compound.
The ferromagnetic intermetallic Mn 5 Ge 3 compound is a very promising spin injector:
it can be easily grown epitaxially on the Ge(111) substrate [1, 2, 3] and can provide spinpolarization of about 42 % while preserving ferromagnetic ordering up to a Curie temperature (T C ) as high as 296 K. Very recently, T. Y. Chen et al. have shown that replacing one Mn atom/f.u. with Fe may lead to a remarkable effect on the spin-injection properties. [4] This immediately opened the possibility for Spin Polarization Engineering (SPE) of Density Functional calculations were performed using the VASP package within the Generalized Gradient Approximation (PBE-GGA). [8] PAW pseudopotentials [9, 10] were used for both Ge and TM-atoms: the semicore 3p states are considered as valence (core) for Mn (Fe); the 3d states are frozen in the core for Ge. The kinetic energy cutoff used for the wave functions was fixed to 350 eV. (4,4,6) Γ-centered k-points were used for the self-consistent cycle, while a (12,12,14) k-point grid was used for the calculation of the Fermi velocity. All the atomic internal positions as well as the volume and shape of the unit cell were relaxed minimizing the ab-initio stress and forces.
The Mn 4 FeGe 3 compound can be represented as a solid solution of Fe in Mn 5 Ge 3 , i.e.
Mn 5−x Fe x Ge 3 with x = 1. For x = 0, at ambient conditions, Mn 5 Ge 3 crystallizes in the hexagonal D8 8 type (space group P6 3 /mcm) with a unit cell containing 16 atoms: 10 Mn atoms in two inequivalent sites identified using the Wyckoff notation [4M I in 4(d); 6M II in 6(g)] and 6 Ge atoms in 6(g) sites. The description of the crystal structure has been given elsewhere. [11] For x = 5, Fe 5 Ge 3 is also hexagonal but belongs to the D8 2 symmetry type (space group P6 3 /mmc), so that the mutual solubility of the end members could be limited by their different crystal structure. The limit of solubility appears to occur at x=1, or slightly beyond, [5] resulting in the Mn 4 FeGe 3 compound that still preserves the same crystal structure as Mn 5 Ge 3 . Therefore, Mn 4 FeGe 3 can be described using an ordered supercell containing 16 atoms, i.e. 8 Mn, 2 Fe and 6 Ge atoms.
We start our study considering one Fe atom at both the M I or M II site, and we found (1/3,2/3,0), (2/3,1/3,0) and they can be occupied by two iron atoms in three different and non-equivalent configurations. We find that, in the lowest-energy state, the Fe atoms are located on the sites belonging to the z = 0 or z = c/2 symmetry equivalent planes.
In with experiments and previous theoretical calculations. [11, 13, 14] A small induced antiferromagnetic polarization is present in the cell, mostly localized on Ge sites. [11, 13, 14] This is true for all three cases considered. Upon doping, the volume of the unit cell decreases by 1.4 %; the c-axis shrinks faster than the a-axis, thus decreasing the c/a ratio. It is interesting to explore the x = 5 doping limit in the D8 8 phase. In the sp at E f . In the high doping limit, we observe that the majority DOS is hardly modified compared to the lower Fe content case, while the minority component becomes more structured; in fact, the Fermi level is further shifted upwards: it still lies at the bottom of a valley in the majority DOS, while it is pinned at a high peak in the minority component, leading to a very large value of the total DOS at E f . The large Fe content mainly affects the minority spin DOS and strongly modifies the overall transport properties through large modifications of the minority spin component. As before, the sp-DOS at E F is marginally affected.
Let us now consider the spin-polarization (SP) of the different compounds. A common definition for SP is: [15] 
where N and v F are the density of states (DOS) and average Fermi velocity of electrons with spin-up, spin-down at E f , respectively. Note that Eq. 1 can be written as follows: For n = 0, the SP calculated using Eq. 1 corresponds to spin-resolved photoemission measurements, while higher orders of P n correspond to SP as measured in transport experiments, such as PCAR (point contact Andreev reflection ) and TJ (tunnel junction), in the ballistic (P 1 ) or diffusive regime (P 2 ). [16] In Tab. II, we show the calculated x 0 and y 0 at E f for the three compounds, and the corresponding P n for n=0,1,2. Upon iron doping, we Fig. 1 ). Clearly, point i) leads to negative P 0 , with the absolute values increasing with the Fe content; i.e. at the Fermi-level, the spin up density is smaller than the spin down density, and this behaviour is enhanced by Fe doping. However P 1 is greater than P 0 , and P 2 is greater than P 1 , except for Fe 5 Ge 3 . This is related to ii), i.e. the spin up velocity is exceeds the spin down velocity (y 0 > 1) over-compensating the lower spin-up versus spindown density at Fermi-level. The exception is Fe 5 Ge 3 where y 0 < 1, and hence P slightly decreases with n ( P 0 P 1 P 2 ).
In summary, we have studied the hexagonal phase (D8 8 ) of the Mn 5−x Fe x Ge intermetallic alloy, focusing on the role of the Fe substitution on the structural, electronic and magnetic properties of the compound. We found that: i) Fe substitution preferentially occurs at the 4(d) site of the D8 8 structure; ii) substitution of one Mn atom/f.u. in Mn 5 Ge 3 enhances the spin polarization P 0 in agreement with experiment, but iii) substitution also decreases P 1 and P 2 . The last observation is at variance with the experimental results. [4] The reason for this disagreement deserves further studies that should include disorder as well as interface effects, which are beyond the purpose of the present study. On the other hand, our ab-initio calculations indeed confirm that is possible to tune the degree of spin-polarization in the different transport regimes upon Fe doping. Remarkably, an even larger spin polarization than that of Mn 4 FeGe 3 can be achieved by further increasing the Fe content, thus making the Mn 1−x Fe x Ge 3 intermetallic alloy very promising for future spintronic applications.
